% Ospedale San Paolo
Polo Universitario

UNIVERSITA
DEGLI STUDI

Sistema Socio Sanitario

% Regione. DI MILANO
. Lombardia D
. \O*
ASST Santi Paolo e Carlo \O\Og
‘\6\06 ‘\'
&V e
\‘\’0‘{a é\d\\a
W e @

Il cuore del panenl;gﬁiai%tmo

o o o‘\\le(

036
M.Imgzgmfé*ho 2017
f\a“o g\o’é
a2 .
"o (‘5\0

6@6\’36\6\‘6 Prof. Stefano Carugo

N N
06\\\ ((\Ge

0\69 <

)':92 Centro Cuore San Paolo



Proiezioni globali per I'epidemia di diabete :
2000-2025

Totale
2000 = 151 milioni
2010 = 221 milioni
2025 = 300 milioni




Diabetes Mellitus: Health Impact of the Disease
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*Diabetes is the no. 1 cause of renal failure, new cases of blindness, and nontraumatic amputations



Risk factors for coronary artery disease

in non-insulin dependent diabetes mellitus.

United Kingdom Prospective Diabetes Study (UKPDS:23) @
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Rischio relativo per CHD: \\6506 &S
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— Colesterolo LDL (terzile&;aﬁfys“?ﬁeriore): 2.26
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— Pressione arterioosqb‘s‘i%tb‘i"leca (“ “ “ ). 1.82
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(R.C. Turner et al., BMJ 316: 823-828, 1998)




Elevato rischio di eventi CV nei pazienti
con diabete tipo 2
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IM-=senza precedente infarto miocardico;
IM+=con precedente infarto miocardico;
CV=cardiovascolari

Infarto miocardico

Ictus Morte CV

Haffner SM, N Engl J Med 1998, 339.229-234




T2DM as a Risk Factor for CVD

Chronically Elevated Glycemia, the Key Pathophysiologic ‘
Feature of T2DM, Is Itself Associated With Elevated CVD Risk &O\og\‘a'
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Eccesso di rischio di malattia coronarica
fatale negli uomini e nelle donne
con diabete 509%°

Meta-analisi di 37 studi prospettici 6\0 0\1\6\\
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Microvascular complications of diabetes (retinopathy, nephropathy, and
neuropathy) are directly related to the severity and duration of \Og\'b'

hyperglycaemia, as reflected by the HbAlc. \Oe‘o
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Macrovascular complications are the primary %qﬁa\g@%\rtality, with
myocardial infarction (MI) and stroke acco%@tbﬁ%g@\@ % of all deaths in
T2DM patients. 2N (e
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T2DM patients without Iém%é\l'@ﬁ% 7-year incidence of Ml was double
that of non—diabetiQ,ag@OJg\@\’éeand similar to that of non-diabetic subjects
with a prior I\/&I@%"G e OF
o \le(é\O(\
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Rg‘gﬁﬁ‘ee%@@}%‘ major atherosclerotic events in T2DM individuals with a

Qo?%\@r(‘f\"/?l is very high, 6% per year,30 and death rate in T2DM patients is

approximately
two-fold greater than in matched non-diabetic individuals.



End-point cardiovascolari
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Mortality and Cardiovascular Disease in Type 1 and Type 2
Diabetes \O
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Figure 2. Major Cardiovascular Outcomes in Patients with Type 2 Diabetes and Matched Controls.

B Controls were matched for age, sex, and county. I bars represent 95% confidence intervals.

Controls were matched for age, sex, and county. I bars represent 95% confidence intervals.
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Diabetic cardiomyopathy refers tg éab@‘tes-
associated structural and func@@?g@ﬁnyocardlal
dysfunction not related45, cactsﬁer confounding
traditional factgs@%ue‘ﬁgas coronary artery
disease (C,Aél;})"f‘jgy‘ﬁertensmn congenital heart
p@éas‘és or valvular heart diseases
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Diabetic cardiomyopathy

e Diabetic cardiomyopathy is differentiated into two phenoé;\mé‘?:’

[ [ [ . X b .
1. restrictive or heart failure with preserved Ie,a\fg\O}i‘,&\\@x‘
. . . . \/ . \
ventricular ejection fraction (HFPEF) . \’\'3’\\6\1\2@3‘?’\d

e @
2. dilated or heart failure with in\{gﬁ?gd@@}éreduced left
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ventricular ejection fractloréé&?gga)“.e
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e The phenotype-sp@@lﬁ%oa@?\f‘ﬁ\ophysiologicaI mechanisms for the

PP \Z . .
DCM phenogya%%gm‘bosed for left ventricular (LV) remodeling

and dysfufictiel? consist of:
B e

et
- coronary microvascular endothelial dysfunction for HFPEF

- cardiomyocyte cell death for HFREF



Restrictive/HFPEF or Dilated/HFREF
phenotypes
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e Diabetes mellitus-induced metabolic derangementsos&’g xas
hyperglycemia, lipotoxicity, and hypermsulm 0F) as)?)a
development of DCM with the restrlcté\ég;éﬁlé&@]i‘ type, which is
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more prevalent in obesity \aa\\ e
QUM e
e03 xS
SO0 e

e autoimmunity preq,(@sz(@,set% the dilated/HFREF phenotype,
which manifesgsdi g@lﬂnore in type 1 DM.
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. \a@o g(aﬁ? mlcrovascular rarefaction and advanced glycation

end products (AGEs) deposition are relevant pathognomic
abnormalities in both phenotypes.



Progression of functional and structural cardiac alterations in
young normotensive uncomplicated patients with type 1
diabetes mellitus

Stefano Carugo?, Cristina Giannattasio®?, lvan Calchera?, Felice Paleari?,
Maria Grazia Gorgoglione?, Alessandra Grappiolo?, Pierluigi Gamba?,

Giovanni Rovaris?, Monica Failla® and Giuseppe Mancia®®
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Mechanisms

* Lipotoxicity o é\d\”‘a

e Oxidative stress o® L&
(\)go e

e Myocardial oqem?g@tsﬁtlal fibrosis
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o Mltoclggmimﬁ’f dysfunction
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Figure 1. Pathways leading to the development of diabetic cardiomyopathy. ACC: acetyl coenzyme A
carboxylase; ACoA: acetyl coenzyme A; AGEs: advanced glycation end products; CE: cardiac efficiency; FA:
fatty acids; FFA: free fatty acids; GLUTs: glucose transporters; MCD: malonyl coenzyme A; PDH: pyruvate
dehydrogenase; PDK: pyruvate dehydrogenase kinase; PKC: protein kinase C; PPARw: peroxisome

proliferator-activated receptor alpha; TG: triglycerides [2, 5]
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Protein kinase cyclase activation |
| \OG,\O\OQ\&
 Hyperglycemia exerts its deleterious mch(gar&%@mﬁ“d
cardiovascular effects through prote‘ir%akxm se”
C/diacylglycerol (PKC/DAG) signali@g‘ega;ﬂﬁ?/vay, leading
to cardiac fibrosis through ag;w%@l@f? of the connective
A

tissue growth factor o< .
0‘\)g 9;\9(6
6(\09\ ®
e The activati%a@fQBK@fDAG pathways induces multiple
changesbm‘@@\ﬂ which include reduction in tissue
bl%gd?ﬁw@, enhanced extracellular matrix deposition,
Q@%@&ké\'y basement membrane thickening and

increased vascular permeability with alterations in
neovascularization



Lipotoxicity

Diabetic cardiomyopathy is characterized by significant deposition of Iipofusci&‘a‘
O
O
Increased myocardial triglyceride (TG) and cholesterol content a@eg)ég;\béen
reported in the myocardial samples of DM patients indepe\Qg‘é?& @G\@Eulating
levels of TG in DM, and also in obesity, insulin resista@e\ﬁn\@\ir&]?alred glucose
S

tolerance. 6\\060
\C N\

S
Type 2 DM which is most often a%@Oig’te@%ﬁth obesity leads to myocardial

lipotoxicity that may in turné&a(tg\q;éﬂ%eath and subsequently cardiac
. . A\
dysfunction, partlculaélqe’iﬂa%@@ﬁ
‘\O
% et

S S
(a\")d \
‘e composition of endoplasmic reticulum (ER) membrane

The cha g%g et
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J\@@b‘?have also been reported in lipotoxicity, which precipitate ER swelling

()'\and ?I@gtress long-chain fatty acids, all interfere with the dynamics of plasma and

mitochondrial membranes by altering phospholipid composition

The saturated long-chain fatty acid, palmitate, is another substance which induces
apoptosis in cardiomyocytes by diminishing the mitochondrial anionic
phospholipid, cardiolipin.



Oxidative stress

e Oxidative stress plays a critical role in the pathogenesis of DCIg(bQ%'

increased oxidative stress is associated with lipid overloagdao©" X
@\ \\6
s\d\
e Lipids, particularly free fatty acids, are mport\gh"?g@@heratmg
reactive oxygen species (ROS), which are etge} us in DM patients
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 Diabetic hearts are character;j e&%@ﬁ\creased cardiac lipid
accumulation and mitochs ree fatty acid oxidation, which
play an important rg{g\ﬂ\ 5{@@ echanlsm of DCM.
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The e,gd"b% Gitts of NO and increased ROS contribute to the switch
I@\ﬁ% dm myosin heavy chain which could be detrimental in patients
with long-standing DM
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Myocardial or interstitial fibrosis

Interstitial and perivascular fibrosis are pathological hallmarks of DCM . In
addition, studies have reported collagen deposition around intramural vesselos@ad
also between the myofibers in diabetic heart ‘2‘\0@\0\
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Diastolic dysfunction in diabetes has been correlated w@b@@&@en type |

carboxy-terminal peptide. This plays a crucial role g&b@'\p% petogical mechanism

of myocardial fibrosis in diabetic patients with g\kikuragan?éd LV myocardial

dysfunction ed\)\ad\ 50{\“
o S C g@
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Extracellular fibrosis and cql@%éa%,gleﬁ’osition which resembles LV myocardium of a

human with type 2 di%b%%t%eso' th an increase in transforming growth factor

(TGFB1) recept,g@lp e(a;,@& in the myocardium has been reported in animal studies
\ €

. ‘NQQ \16(
. T@Eﬁ is Qi€ of several cytokines in gene expression enhanced by diabetes
o’ et

Mitochondrial dysfunction



Il rischio residuo
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Residual CVD risk in T2DM
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Figure 6@\&—}*&31{\@ major cardiovascular events in the diabetic cohorts of randomized trials of anti-hypertensive treatment. The height of
S is th line risk in rank order from lowest to highest, the light grey areas are the median treatment-induced risk reduction. The dark

grey bars show that the residual cardiovascular disease risk is generally higher than the baseline risk. Redrawn from Ref 1,
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In high-risk patients CVD risk redg@g\fgﬂ IS
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indeed greater than in Iogg\mﬁ%?’%jects
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Three recent prospective trials—ADVANCE, ACCORD, and VADT3—<3@
high-risk T2DM patients tested the ability of intensified glyca o
control to protect against CVD. Baseline HbAlc was 7.2% m‘)\ \ANCE,
8.1% in ACCORD, and 9.4% in VADT. \\a“ @5\6

After intensive therapy, HbAlc dropped to 6. 43@@1‘?,6@@8RD and
ADVANCE and to 6.9% VADT; after standa&gbﬁ’mqga%)y, the values were

7.5, 7.0, and 8.4%, respectively. 60\96\ N
(\)go Q(eg
None of these studies sh&ﬁ@dgaa ecrease in incident CVD
22 S "

S
Despite a mgnﬁ@é%n\fet’e%uctlon in ischaemic cardiac events (Ml,
revascuI%rq)z% %en \Yand unstable angina) in the intensive treatment

grou<pz,\ was stopped prematurely because of increased
pertalRy.



Intensive Glycemic Control Increased
All-Cause Mortality (ACCORD)

,\\OQ»\ o
Primary Outcomel?! Death From Any Cause%iie s
Nonsignificant reduction in CV events in Increased mortal
intensive group (HR =0.90, P = .16) group (H.R c“‘ 4)
R 25 X o<>‘e \6\
“ B Standard therapy @ \\ ?andard therapy
€ 20 _ £1020 NN
o W Intensive therapy 6@ A o\ l Intensive therapy
N 0 © Q¥
s S o F
= 10 O‘a(\) g',\Q( 10
2 A2 2
G 5 o s 5-
© ©
& o0 o 0 =
b@‘?é\\eéSG B i 9 3 A ‘5 B
No at risk >n Time, Y
Intensive thera «aﬁa 4@2%&90 2339 1337 475 448 5128 4972 4803 3250 1748 523 506
Standardt ) 51@3(\5627 4262 2702 1186 440 395 5123 4971 4700 3180 1642 499 480
0\

Mortality did not increase in other outcome trials

(eg, VADT and ADVANCE)[P-<l

*MACE: nonfatal MI, nonfatal stroke, or CV death

a. ACCORD Study Group. N Engl J Med. 2008;358:2545-2559.
b. Duckworth W, et al. N Engl J Med. 2009;360:129-139.
c. ADVANCE Collaborative Group. N Engl ] Med. 2008;358:2560-2572



Figure 1. Modulation of the

intensiveness of glucose Approach to the management
lowering therapy in T2DM of hyperglycemia
HbAlc
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Diabetes Care 2015;38:140-149; Diabetologia 2015;58:429-442



Il trattamento
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The ominous octet
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Figure | Mechanistic contribution of different tissues to hyperglycaemia. The arrows indicate the direction of change in function; site and mode
of action of glucose-lowering drugs are shown in the dotted circles. HGP, hepatic glucose production; GLP-1Ra, GLP-1 receptor agonists; TZDs,
thiazolidinediones; DPP4i, DFP4 inhibitors; SGLT2i, SGLT2 inhibitors; SU, sulfonylureas; AGi, a-glucosidase inhibitors.



| GLP-1 hanno la funzione di controllare la glicemia in

vari modi:
O\OQ»\

1.aumentando la secrezione di insulina da g “@bdelle

N\
cellule beta del pancreas W a@%d

\3\6 @\\3\
SO
N " ox@

2. diminuendo la secrezmgwﬁ; “gfticagone (antagonista
dell'insulina) da par&gxﬁogllqée%ellule alfa del pancreas
6,\6‘\0(\ 0‘\9\(\6
3. raIIen%@da*aQAa‘ otlllta e dunque lo svuotamento
gag(\tw?gb\(?(éndendo piu "soft" la curva glicemica
O\Tgoé’c?)randlale) e diminuendo l'appetito.


https://it.wikipedia.org/wiki/Glicemia
https://it.wikipedia.org/wiki/Insulina
https://it.wikipedia.org/wiki/Pancreas
https://it.wikipedia.org/wiki/Glucagone

GLP-1 Actions in Peripheral Tissue

T Neuroprotection O\Og’,\a‘

;- ] ‘a s

) lAppetlte " 6\0\ :
e SO

o2 0@ Stomach

\\6(\\1 (@ emptymg |
~. 50
T Cardloprotectlon\ )
T Cardiac output W

ihi:jj —

1B-cell neogenesis
lB-ceII apoptosis

Glucose
production

Drucker DJ. Cell Metab. 2006;3:153-165.

Glucose Glucagon secretion
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Injectabl Advantages
e
Class

GLP-1 - Activates GLP-1R  +{ Weight c,ed ad\
receptor « T Insulin, 4 glucagon ¢ No bg?o
agonists N gastric emptylng @’ %@?andlal glucose

« T satiety 66 bd»%ome CV risk factors
a\ad (93\0
A NRNLS
Q(GQ (6\0
Insulin \)&ctk\&ﬁes insulin * Universally effective
0\0 r@geptor * Unlimited efficacy
e Myriad « I Microvascular risk

Table 1. Properties of anti-hyperglycemic agents

Disadvantages

e Gastrointestinal High
 ? Pancreatitis

« T Heart rate

e Medullary ca (rodents)

* Injectable

* Training requirements

* Hypoglycemia Variable
* Weight gain

 ? Mitogenicity

* Injectable

e Patient reluctance

* Training requirements
Diabetes Care 2015;38:140-149;
Diabetologia 2015;58:429-442



EMPA-REG OUTCOME: Trial Design

Placebo
(n=2333;
: = % : ‘d\ 0

Screening Randomized and Emizaglifiozin 10 mg

(n=11,531) treated in = 2345)

’ (n = 7020) T
Ngo Empagliflozin 25 mg
2 ‘
(\OO‘ '3\6
MY

* 7020 patients randon&y%e?gaég\%o placebo, empagliflozin 10 mg once daily, or
empagliflozin 2%@'@0@@@@3“\(

* Study ms‘glqﬁ@’%e(w\aas given in addition to standard of care

. T‘heQbﬁgl\&(aﬁsct% continue until 2 691 patients experienced an adjudicated primary
OReone Bvent

* Key inclusion criteria:

—  Adults with T2DM and established CVD

—  BMI <45 kg/m?; HbA1c 7% to 9% (drug-naive subgroup); HbA1c 7% to 10% (nondrug-naive
subgroup); eGFR > 30 mL/min/1.73m?; MDRD

Zinman B, et al. N Engl ] Med. 2015;373:2117-2128.



EMPA-REG Primary Outcome (3-Point MACE):
CV Death, Nonfatal MI, or Nonfatal Stroke

Primary Outcome \0\0@\6'
204 . 0‘\606 ‘\\’
2w
3 y \\.a(\ @é\d\ Placebo
'ﬁ 15+ d\é{a ‘ d\,\2\\\’&
o \
2 Hazard ratio, 0.86 (95.02% CI, 0,4a0%9)¢, 2 -
- P=0.04 for superiority \)\66 O{\\le Empagliflozin
@ e 42
g ‘
& 57
\
(o
(6900 T T T 1
ERCR N 6 12 18 24 30 36 42 48
X 906\ \ e Month
Qe ©¢
No. at Risk
Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370
Placebo 2333 2256 2194 2112 1875 1380 1161 741 166

Zinman B, et al. N Engl ] Med. 2015;373:2117-2128. Copyright © 2015 Massachusetts Medical Society.
Reprinted with permission from Massachusetts Medical Society.



The "Fuel Hypothesis" as Explanation of
Empagliflozin's Cardiorenal Benefits

J, Fat oxidation

. . N Glucose oxication
Empaglifiozin A BHOE sxidation

treatment 1 P/Q ratio

‘N Carshiac work efficiency

/I\

Myocardial
contractility

J Incidence/
progression of HF

Mudaliar S, et al. Diabetes Care. 2016;39:1115-1122.



SGLT2 Inhibitors and Reduced Volume
Overload

09\
* SGLT2 inhibitors decrease proximal tubular sodium ar@a@ﬁ}erde
reabsorption, leading to a reset of the tubuloglq@@ﬂlata\\
feedback ae? 6\\3\6

* This induces plasma volume contractwmﬁ%&ﬁout activation of the
sympathetic nervous system, de@dé\ag\e&‘harmful glomerular
hyperfiltration leading to Q?erd\@‘hg -term renal preservation,

and improves dlureté rluretlc responses to other diuretic
agents 22 0 O
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Martens P, et al. Curr Treat Options Cardiovasc Med. 2017;19:23.



Oral Class -mm

o-Glucosidase ¢ Inhibits a-glucosidase * No hypoglycemia e Gastrointestinal Mod
inhibitors  Slows carbohydrate e Nonsystemic * Dosing frequency
digestion / absorption e \ Postprandial glucose * Modest I Alc
«? 4 CVD events \OQ\
DPP-4 * Inhibits DPP-4 * No hypoglycemia . Anglo%{ & High
inhibitors * Increases incretin  Well tolerated Rg:m o\
(GLP-1, GIP) levels a\x'a\\%\%@%\reatltls
\()\’f‘) Heart failure
Bile acid  Bind bile acids * No hypo%yb\ém\@e e Gastrointestinal High
sequestrants ¢ ? Hepatic glucose el LQJ@% 6\50 « Modest ¥ Alc
production @(\)gog\\)(eg * Dosing frequency
Dopamine-2 e Activates DA reggﬁb%rg\(\’&\%lo hypoglyemia e Modest ¥ Alc High
agonists e Alters hy@gt%?a Q{@@ «? 1 CVD events e Dizziness, fatigue
contl:gla’&? rq@t‘ébollsm * Nausea
p@%éw}?sensnwlty * Rhinitis
SGLT2 . 905\?6(*‘1?1?1|b|ts SGLT2 in «l Weight * GU infections High
inhibi ors proximal nephron * No hypoglycemia * Polyuria
* Increases glucosuria «l BP e Volume depletion

* Effective at all stages T LDL-C
o 7Cr (transient)

. . . Diabetes Care 2015;38:140-149;
Table 1. Properties of anti-hyperglycemic agents Diabetologia 2015:58:420-442
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